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Abstract:
Sarcopenia（age-related muscle weakness）is an important physical change in frailty, and its prevention has
attracted much attention. Various factors associated with aging are thought to cause abnormalities in skeletal
muscle, but its underlying molecular mechanisms have not been fully clarified. In this paper, we summarized
molecular mechanisms related to skeletal muscle homeostasis,（1）intracellular signal transduction related to
muscle growth/atrophy,（2）intracellular system related to decomposition of proteins and organelles, and
（3）molecules related to muscle regeneration, and recent findings regarding their association with sarco-
penia.

























































る 4E binding protein1（4EBP1）および ribo-


















して Akt および mTOR にシグナルを誘導する。mTOR
は，S6K1および 4EBP をリン酸化してタンパク質合成を
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ファミリーに属する myostatin（growth and dif-





熟型 myostatin は，細胞表面の activin type IIA/
B receptors（ActRIIA/B）に結合して自己リン





























































および muscle RING-finger protein-1（MuRF1）
の存在が知られている5）。なお，atrogin-1は翻
訳開始因子 eIF3f や筋分化制御因子 MyoD を
ユビキチン化し，MuRF1はサルコメア分子を
ユビキチン化する。これらの遺伝子発現には転
写因子 FoxO が関与しており，FoxO トランス
ジェニックマウスは筋肉量の顕著な減少を示す
ことが報告されている11）。IGF-1により活性化




























































































































































































nese J. Rehabil. Med. 44, 144-149（2007）．
２）Goldspink, G. Mechanical signals, IGF-I gene splicing,
and muscle adaptation. Physiology 232-238（2005）．doi:
10.1152/physiol.00004.2005
３）Shimobayashi, M. & Hall, M. N. Multiple amino acid
sensing inputs to mTORC1. Cell Res. 26, 7-20（2016）.
４）Sengupta, S., Peterson, T. R. & Sabatini, D. M. Regula-
tion of the mTOR Complex 1 Pathway by Nutrients,
Growth Factors, and Stress. Mol. Cell 40, 310-322
（2010）.
５）Bonaldo, P. & Sandri, M. Cellular and molecular
mechanisms of muscle atrophy. DMM Dis. Model. Mech.
6, 25-39（2013）.
６）Park, S. S., Seo, Y. K. & Kwon, K. S. Sarcopenia tar-
geting with autophagy mechanism by exercise. BMB Rep.
52, 64-69（2019）.
７）Lee, S. J. Regulation of muscle mass by myostatin.
Annu. Rev. Cell Dev. Biol. 20, 61-86（2004）.
８）Rodriguez, J. et al. Myostatin and the skeletal muscle
atrophy and hypertrophy signaling pathways. Cell. Mol.
Life Sci. 71, 4361-4371（2014）.
９）Siriett, V. et al. Prolonged absence of myostatin reduces
sarcopenia. J. Cell. Physiol. 209, 866-73（2006）.
１０）Lecker, S. H., Goldberg, A. L. & Mitch, W. E. Protein
degradation by the ubiquitin-proteasome pathway in nor-
mal and disease states. J. Am. Soc. Nephrol. 17, 1807-
1819（2006）.
１１）Kamei, Y. et al. Skeletal muscle FOXO1（FKHR）
transgenic mice have less skeletal muscle mass, down-
regulated type I（slow twitch/red muscle）fiber genes,
and impaired glycemic control. J. Biol. Chem. 279, 41114-
41123（2004）.
１２）Nakao, R. et al. Ubiquitin Ligase Cbl-b Is a Negative
Regulator for Insulin-Like Growth Factor 1 Signaling dur-
ing Muscle Atrophy Caused by Unloading. Mol. Cell.
Biol. 29, 4798-4811（2009）.
１３）Sandri, M. et al. Signalling pathways regulating muscle
mass in ageing skeletal muscle. the role of the IGF1-Akt-




１５）Sambasivan, R. et al. Pax7-expressing satellite cells are
indispensable for adult skeletal muscle regeneration. De-
velopment 138, 3647-56（2011）.
１６）Fry, C. S. et al. Inducible Depletion of Satellite Cells in
Adult, Sedentary Mice Impairs Muscle Regeneration Ca-
pacity But Does Not Contribute To Sarcopenia. Nat. Med.
21, 76-80（2015）.
１７）Verdijk, L. B. et al. Satellite cell content is specifically
reduced in type II skeletal muscle fibers in the elderly.
Am. J. Physiol. -Endocrinol. Metab. 292, 151-157
（2007）.
１８）Kurosaka, M. & Machida, S. Interleukin-6-induced sat-
ellite cell proliferation is regulated by induction of the
JAK2/STAT3 signalling pathway through cyclin D1 tar-
geting. Cell Prolif. 46, 365-373（2013）.
１９）Bellayr, I., Holden, K., Mu, X., Pan, H. & Li, Y. Ma-
trix metalloproteinase inhibition negatively affects muscle
７０ 甲南女子大学研究紀要Ⅱ 第 15号（2021年 3月）





２１）Csapo, R., Gumpenberger, M. & Wessner, B. Skeletal
Muscle Extracellular Matrix -What Do We Know About
Its Composition, Regulation, and Physiological Roles? A
Narrative Review. Front. Physiol. 11，（2020）.
川畑球一 他：骨格筋の恒常性に関わる分子機構 ７１
